Different sets ofmagnitude estimation instructions were given to different subjects in order to see if this couldaccountfor the reported variation ofthe exponent in Stevens' power law. Subjects who were asked to give as an estimate of pulse rate (Experiment I) or loudness (Experiment II) the number 50 when it was 112 of the standard :md 150when~t was 1 1 12 times the standard y~elded exponents which were reliably smaller than those obtamed when subjects were asked to respond WIth 25 when it was 1f4, of the standard and 750 when it was 7 1 / 2~imes. th~standard. For the conditiongen?rating the larger exponent in each experiment, a power law relationship fits the data better than Fechner slaw. Both experiments were exactly replicated for comparison,with the same results obtained as mentioned above. The frequently observed variability of the exponent maybe a consequenceofbias introduced by numericalexamplesas part ofthe instructions in a magnitude estimation task.
S. S. Stevens (1970) suggests that the numerical magnitude of the exponent in his psychophysical power law may be a relatively simple fractional value. This magnitude of the exponent would represent characteristics of the sensory transducer for the modality involved (S. S. Stevens, 1961) . There are, however, difficulties in finding out for a particular sense modality what the "true" exponent is. One difficulty is that exponents based on groups of subjects vary from one experimental situation to the next (Macmillan, Moschetto, Bialostozky, & Engel, 1974; Marks, 1974) . A second problem is that there is variation in individual exponents derived under the same conditions (Jones & Marcus, 1961; Luce, 1972; Marks & Cain, 1972 ; Marks & J. C. Stevens, 1966; Pradhan & Hoffman, 1963 ; J. C. Stevens & Guirao, 1964) . It would appear that if the power law is correct, then the obtained exponent might be determined by several possible factors, including not only those involved in sensory transduction as suggested by S. S. Stevens (1961) , but also biases that would result from perceptual differences, response habits, and biases contributed by the particular experimental situation.
The presence of nonsensory biases in magnitude estimation has been indicated by several investigations. Jones and Marcus (1%1) determined individual exponents for the modalities of weight, taste, and smell for subjects who gave estimates of each of the three types of stimulation. An analysis of variance revealed that in addition to a reliable modality difference in exponent there was a significant main effect for subjects. This latter finding led them to suggest a modification of the power law from R = aS b to R = aS bci, where ci is a constant characteristic of the individual subject. Whether the particular value of ci for a given subject was based on perceptual factors or on the subject's response habits, including his use of numbers. was not answered. In a subsequent investigation, Jones and Woskow (1962) found a statistically significant positive correlation between exponents for loudness estimation and range of numbers used a week earlier by the same subjects in pitch estimation. This suggests that a response bias may be operating in individual subjects and would account for the "personal exponent" of Jones and Marcus (1961) .
Similarly, Rule, in a series of investigations, has found reliable positive correlations between exponents for pairs of continua when the same subjects gave magnitude estimates of circle size, numerousness, and line length with a standard (Rule, 1966) , of circle size and proportion with a standard (Rule, 1968) , and of circle size, numerousness, and line length without a standard (Rule, 1969) . The within-subject consistency was attributed to the subjects' use of the number system.
With regard to the use of numbers, Beck and Shaw (1%5) found that loudness judgments may be affected by the numerical value of the standard and its magnitude. In the second part of their investigation, the subjects were given more extensive instructions to minimize biases. One of the differences between these . more extensive instructions and those in the first part of the study was the providing of very large and very small numbers (100,000 and .‫סס‬oo1) corresponding to very large and very small stimulus ratios. The resulting slopes, which represent the exponents, were observed to be steeper than those in the first part of the study. Since other parts of the instructions were also changed, it is not possible to identify the basis for the change in slope.
The possibility exists that the numerical examples given to the subject in a magnitude estimation task could affect the obtained exponent. The present investigation was done in order to determine if such an effect would occur in two magnitude estimation tasks: pulse rate estimation (Experiment I) and loudness estimation (Experiment lI).
EXPERIMENT I Method Subjects. Students in two sections of an introductory psychology course were subjects for Experiment I and its replication.
Apparatus. A unijunction transistor (UJT) oscillator generated I-msec pulses which were amplified and delivered to a speaker. As a rough index. the sound level measured 30 cm in front of the speaker with a General Radio 1563 sound-level meter was 59 dB(A) for the reference frequency (7.494 pps). Switch-selected pulse frequencies used were measured with a frequency counter.
Procedure. The experimental sessions were conducted in a classroom setting. The oscillator. amplifier, and speaker were interconnected and turned on with the reference frequency initially presented continuously. Following this. all subjects in the class were given a combined instructions and data sheet on which appeared one or the other of two sets of instructions followed by to spaces for responses to the to trials described below. These sheets containing instructions were given out in the sequence ABABAB ... so that everysuccessive subject received a set differing from that received by subjects in front of and behind him. As the instructions were distributed. the experimenter vocally asked the subjects to read the instructions and stated that no questions could be answered. No mention was made of any difference in instructions.
Instructions A ('/,-1'/,) were the following: "As you read this you are hearing a series of pulses of a constant frequency. For this experiment assign the number 100 to this frequency which will be called the Reference Frequency. were identical in wording and word position to Instructions A except that the numbers }'/" ISO, '/2. and SO were replaced by 7'/,. 7SO. 'I.. and 25. respectively . The particular numbers used in the two sets of instructions were selected on the basis of similarity in order to minimize the possibility that the subjects would become aware of the separate instructions.
After all subjects had completed reading the instructions, to trials were given with a to-sec presentation of the comparison frequency given on each trial. During the intertrial interval of approximately 20 sec. the experimenter announced the number of the next trial and selected the comparison frequency for the next trial. The comparison frequencies used were 2.720. 1.662. 23.426. 4.198. 6.823. 3.069. 18.748.31.542.8.630. and 14.713 pps for the to trials. respectively. The seq uence of freq uencies was random. and the reference frequency was 7.494 pps. Subjects returned the combined instructions and data sheets immediately after completion of the 10th trial and were asked not to talk about the experiment outside of class.
The replication of Experiment I was done exactly as the initial experiment but with another class of introductory psychology students later the same day in the same classroom. The request not to talk about the experiment outside of class was omitted in the replication.
Results
Seven of a total of 51 students in the classroom during the initial experiment or its replication omitted responses to one or more of the 10 trials and were, consequently, eliminated from the analysis. which is based on the remaining 44 subjects. Figure 1 shows a log-log plot of geometric mean numerical estimates of relative pulse rate as a function of relative pulse rate for each set of instructions and for the initial experiment and its replication. The relative pulse rate. S. is the comparison frequency given as a percentage of the reference frequency. Best fitting equations of the form R = aS n for each of the four sets of data were computed by the method of least squares on the equation log R = log a + n log S.
These results are presented in Table 1 . As can be seen Instructions A and Bwere identical to those in Experiment I except for the replacement of "frequency" and "pulse frequencies" by "loudness" and "loudnesses," respectively.
The comparison loudnesses were generated by the following random sequence of speaker voltages for the 10 trials: 0. 063 
Twelve of a total of 63 students present in the classroom during the initial experiment or its replication either omitted responses or gave an estimate of zero to one or more of the 10 trials or (in two subjects) gave estimates exceeding 100 to the lowest or less than 100 to the highest comparison loudness (suggesting failure to understand the instructions) and were, consequently, eliminated from the analysis, which is based on the, remaining 51 subjects. Figure 2 gives a log-log plot of geometric mean numerical estimates of relative loudness as a function of relative amplitude expressed in decibels relative to the standard or reference loudness. The relative amplitude. S, of the voltage across the speaker for each comparison loudness expressed as a percentage of that generating the reference loudness was used in determining the parameters of the best fitting equation R = aS n by least squares. These results are presented in Table 3 . The exponent in both the initial experiment and replication is larger for the Instructions B (1/4-7 1 / 2) condition.
from Table 1 , the exponents for the initial experiment and the replication are larger under the condition of Instructions B (1/4-7 1/2).
In order to determine the reliability of the difference in exponents between the two instructional conditions. the best fitting equation R = aS n was computed by the method of least squares for each individual subject. For the initial experiment, the mean exponent (and 95% confidence interval) for the Instructions A (1/2-1 1/2) condition was 0.871 (0.749-0.993 ) and for the Instructions B (1/4-7 1/2) condition was 1.29 (1.17-1.41 ). This difference between means when tested with a two-tail t test is significant. t(29) = 5.14, P < .0001. Similarly, for the replication. the mean exponent (and 95% Cl) was 0.893 (0.615-1.17 ) for the Instructions A condition and 1.33 (1.19-1.46 ) for the Instructions B condition.
This difference was also significant, t(ll) = 3.76, P < .005.
In order to compare the fit of the data with Stevens' power law and with Fechner's law, two Pearson product moment correlation coefficients were computed for each subject. Power law correlations between log numerical estimates and log relative pulse rates and Fechner's law correlations between numerical estimates and log relative pulse rates were each squared to give two coefficients of determination for each subject. Mean coefficients of determination for each law were compared by two-tail t tests for correlated measures. These results are given in Table 2 . For the Instructions A condition, neither the initial experiment nor the replication yielded a significant difference. Stevens' power law fits significantly better in both, however, under the Instructions B condition. As was done in Experiment I, least squares solutions for the equation R = aS n were determined for each individual subject. For the initial experiment, the mean exponent (and 95% Cl) for the InstructionsA (1/2-1 1/2) condition was 0.729 (0.603-0.856 ) and for the Instructions B (114-7 1 / 2) condition was 1.039 (0.885-1.193 condition generated the larger exponent.
As in Experiment I. a comparison of the fit of Stevens' power law and Fechner's law to the data was made by computing coefficients of determination between log numerical estimates and log relative amplitudes (power law) and between numerical estimates and log relative amplitudes (Fechner's law) for each subject. Mean coefficients of determination were compared by two-tail t tests for correlated measures. These results are given in Table 4 . Neither the initial experiment nor the replication for the Instructions A condition gave a significant difference. For the Instructions B condition, the power law fits significantly better than Fechner's law in both the initial experiment and its replication.
DISCUSSION
In both pulse rate estimation and loudness estimation. the magnitude of the exponent has been found to be affected by the range of numerical examples included as part of the instructions. For the numerical examples generating the larger exponents, the power law was found to fit the data better than Fechner's law. For the smaller exponents, no detectable difference in goodness of fit between the two laws was found. a finding which is consistent with observations of others when working with modalities yielding smaller exponents ( Uttal. 1973, p. 265) .
In view of the finding that the size of the exponent is affected by the instructions given to the subjects, it is not clear what significance there is to comparing the exponents of the present investigation with those of others. 1. C. Stevens and Shick man (1959) found that magnitude estimation of repetition rates of various stimuli increased with approximately the 1.0 power of the stimulus rate. This value is near the exponent of 1.1 that one obtains by averaging the four separate exponents obtained here. This similarity, however, seems to be more coincidental than anything else. The loudness exponents obtained in the present study tend to be larger than those found by others using magnitude estimation (Marks, 1974) . The reason for this is not clear. The variability within each condition for the current experiments was not as great as had been feared as a consequence of conducting the experiments in a classroom setting. The mean standard deviation for the loudness estimation exponents obtained here was 0.208, which is not much greater than the value of 0.19 obtained from individual subjects wearing earphones in a soundproofed room reported by J. C. Stevens and Guirao (1964) . 1 . C. Stevens and Shickman (1959) do not provide information about variability of the exponent across subjects in their repetition estimation investigation.
The finding that the obtained exponent depends upon the instructions in a magnitude estimation task indicates that this type of task is not likely to provide us with the true value of the exponent that S. S. Stevens (1970) transducer-determined portion of the exponent, ci is a relatively stable constant for the individual across sense modalities, and di is specific to the instructional conditions in a particular experiment or situation. The major contributor to the observed variability of the exponent across experiments would likely be dj, but stable response habits (including number usage) would require an individual difference variable represented here by ci. That such an additional variable is needed is suggested by the results of Jones. and Marcus (1961) , Jones and Woskow (962) , and Rule (1966 Rule ( , 1968 Rule ( , 1969 . Harrington. 1968 : Duda, 1975 . The present investigation reveals one source of bias which appears to contribute to the output portion of the exponent.
